Abstract: In this interventional study, a randomized controlled trial was used to evaluate the short-term effects of xylitol-containing chewing gum on the salivary microbiota. In total, 70 healthy adult men recruited from the Japan Ground Self Defense Force participated in the study during a 2-day training at Yamaguchi camp, Yamaguchi Prefecture, Japan. The men were randomly divided into two groups: one group chewed two pieces of xylitol-containing chewing gum 7 times/day for 2 days (n = 34) and the other did not (n = 36). Baseline and follow-up stimulated saliva samples were collected and the salivary microbial composition was assessed using the 16S rRNA gene next-generation sequencing analysis. The total salivary bacterial count was quantified using a quantitative real-time PCR system. No statistically significant difference was found between the two groups regarding any parameter analyzed in the baseline samples; however, the follow-up samples of the test group showed significantly lower total salivary bacterial count than those of the control group. Conversely, no significant difference was observed in the overall composition of the salivary microbiota between the baseline and follow-up samples of the two groups. These results indicate that xylitol-containing chewing gum inhibits the increase in total salivary bacteria over a short time during which the salivary microbial composition is not affected.
Introduction
Xylitol, a naturally occurring five-carbon polyol (sugar alcohol), is used in several products, including chewing gum, as a sugar substitute; it has been shown to have beneficial effects in the maintenance of oral health. Furthermore, xylitol-containing chewing gum decreases the amount of bacteria in saliva (1) (2) (3) (4) . In a previous randomized, controlled interventional trial study, xylitolcontaining chewing gum reduced the increase in total salivary bacteria during periods of interrupted regular oral hygiene (5) . The mechanism of action linking the chewing of xylitol-containing gum and quantity of oral bacteria is not fully understood; however, chewing gum can trap and remove bacteria from the oral cavity (6) . Furthermore, xylitol inhibits growth, metabolism, and polysaccharide production in Streptococcus mutans (7) (8) (9) , a main causative agent of dental caries.
There is growing evidence suggesting that the use of xylitol-containing chewing gum is effective for preventing caries (10) (11) (12) ; however, not much information is avail-able about the effects of xylitol-containing chewing gum on the oral microbiota. During the 1990s, the "ecological plaque hypothesis" was widely adopted, which states that microbiota shift from healthy to pathogenic states via bacterial activity and environmental interactions (13) . More recently, it has been suggested that microbial consortia, which are aggregations of several different bacteria, can collectively act to initiate and expand caries (14) . Soderling et al. (15) demonstrated in a clinical study that the short-term use of xylitol-containing chewing gum does not affect salivary microbial composition in children, but does decrease the salivary S. mutans count. However, there have not been any studies examining the effects of xylitol-containing chewing gum on salivary microbial composition in adults. Here, a randomized controlled trial was performed to test the hypothesis that the short-term use of xylitol-containing chewing gum reduces total salivary bacteria count but has no effect on salivary microbial composition in adults.
Materials and Methods

Study participants
In May 2015, 82 healthy men aged ≥20 years were recruited from the Japan Ground Self Defense Force. The men were scheduled to undergo a 2-day simulated disaster training at Yamaguchi camp, in Yamaguchi Prefecture, Japan. After excluding one individual who was taking antibiotics and five individuals who habitually chewed gum, 76 men were included in the study. All participants provided informed written consent. The study was approved by the Ethics Committee of the faculty of Kyushu University (number 23036) and registered with the UMIN Clinical Trials Registry (UMIN Clinical Trial Registration No. 000029909). Data were collected, analyzed, and reported in accordance with the Consolidated Standards of Reporting Trials (16) .
Sample size calculation
The sample size was calculated with statistical software (nQuery Advisor, Statistical Solutions, Saugus, MA, USA) using the two-tailed hypothesis test, with a significance level of 5%, power of 80%, and an allocation ratio of 1:1. The sample size calculation indicated that if the sample size is ≥20 per group, a significant difference in the total salivary bacteria count, a primary outcome, may be detected. Figure 1 shows a flow diagram of the study design. The trial protocol was explained to all enrolled participants (n = 76) before randomization. After obtaining written informed consent, the commanding officer randomly assigned the participants to either the test group (n = 39) or control group (n = 37) using a sealed opaque envelope to conceal the random allocations. The examiner and statistician were blinded to the sampling and assignment of groups throughout data collection and analysis. Participants in the test group were instructed to chew commercially available lime-mint flavored xylitol gum (Lotte Co., Ltd., Tokyo, Japan) at a xylitol dose of 7 g/day for 2 consecutive days during field training, according to the manufacturer's instructions: "Chew two pieces of gum for 5 min 7 times a day to promote tooth recalcification." Each piece of gum weighed approximately 1.5 g and contained 1.16 g carbohydrates, 0.5 g xylitol, 0.43 g maltitol, 0.3 mg phosphate calcium hydrogen, and 1.5 mg funoran extract. The xylitol dosage was chosen according to a previous review article showing that 5-10 g/day of xylitol chewed at least thrice a day is effective in reducing the number of oral bacteria (17) . Participants in the control group did not chew gum. Stimulated saliva samples were collected the day before the 2-day training (baseline survey) and on the final day of the training (follow-up survey). Due to the nature of simulated disaster training, participants in both groups could not brush their teeth or maintain their oral hygiene during the 2-day training.
Study design and intervention
Oral examinations and questionnaires
One month before training, information regarding the oral conditions, hygiene habits, and demographics of the participants was obtained through an oral examination by a dentist and a self-administered questionnaire. All oral examinations were performed by the same dentist. Oral examination data included the number of teeth; an index of decayed, missing, and filled teeth (DMFT); the number of teeth with a pocket depth (PD) of ≥4 mm; bleeding upon probing (BOP) as a measure of gingival inflammation (18); and a dental plaque score determined using the Silness and Loe plaque index (19) . PD was measured for each tooth using a six-point probing method, excluding the wisdom teeth; the deepest PD was recorded as a periodontal parameter. Examiner reliability was verified by an intraexaminer calibration with volunteers who had similar characteristics to the participants in the study. The resulting Cohen's κ value of >0.8 indicated a high intraexaminer reliability. Additional information, including smoking history, alcohol consumption, and tooth brushing frequency was obtained from a self-administered questionnaire. Smoking history was classified as current, ever, or non-smoker. Alcohol consumption was classified as every day, sometimes, or almost never. Tooth brushing frequency was classified as once, twice, or thrice a day.
Saliva collection and DNA extraction
Stimulated saliva sample collection for the baseline and follow-up samples was performed at 11:00 and 12:00 am, respectively. Participants were instructed to refrain from eating, drinking, or tooth brushing for at least 1 h before sampling. During sampling, participants were instructed to sit in a chair and chew gum free of sweeteners, food additives, and flavoring agents for 3 min. Saliva was then collected in a sterile tube and weighed. The weights were subsequently converted to volumes, standardized to 1 mL/g specific gravity. The saliva samples were transported on ice for 2 h and stored at −80°C until analysis. DNA was extracted from 500 µL saliva using a beadbeating method, as previously described (20) .
Bacterial quantification via Real-Time PCR
The total bacterial count per 1 mL saliva was quantified with a QuantiFast SYBR Green PCR kit (Qiagen, Hilden, Germany) and a StepOne Real-Time PCR System (Applied Biosystems) with the universal bacterial primers 806F (5′-TTA GAT ACC CYG GTA GTC C-3′) and 926R (5′-CCG TCA ATT YCT TTG AGT TT-3′), as previously described (21) . The P. pasteri 16S rRNA gene, which was inserted into the pBluescript SK II (+) vector plasmid (Stratagene, La Jolla, CA USA), was used as the real-time control.
Ion Torrent 16S rRNA gene amplicon sequencing 16S rRNA gene amplicon sequencing analyses were performed as previously described (22) . In brief, the V1-V2 regions of the 16S rRNA gene in each sample were amplified using the following primers: 8F (5′-AGA GTT TGA TYM TGG CTC AG-3′) with the Ion Torrent adaptor A and a sample-specific 8-base tag sequence, and 338R (5′-TGC TGC CTC CCG TAG GAG T-3′) with the Ion Torrent adaptor trP1. Following PCR amplification, purification, and quantification, equal amounts of purified PCR amplicon products were pooled and gel-purified. Emulsion PCR and template-positive particle enrichment were performed using an Ion PGM HiQ OT2 Kit (Life Technologies, Carlsbad, CA, USA) and sequenced using an Ion PGM (Life Technologies) with an Ion PGM HiQ Sequencing Kit (Life Technologies).
Low-quality reads were excluded using a script written in R, according to the following criteria: read length ≤200 bases (not including the tag sequence), average quality score ≤25, correct forward primer sequence not included, correct reverse primer sequence (one mismatch allowed) not included, or the presence of a homopolymer run >7 nt. Quality-checked reads were subsequently assigned to their corresponding sample using the tag sequence. Similar sequences were assigned to operational taxonomic units (OTUs) using UPARSE (23), with a minimum pairwise identity of 97%. The taxonomy of the representative sequences was determined using BLAST against 831 oral bacterial 16S rRNA gene sequences (HOMD 16S rRNA RefSeq version 13.2) from the Human Oral Microbiome Database (24) . Nearestneighbor species with ≥98% identity were selected as candidates for each representative OTU. The taxonomy of the sequences without a hit was determined using RDP classifier, with a minimum support threshold of 80%. The number of OTUs was calculated following rarefaction to 4,000 reads per sample using R.
Statistical analysis
Demographic differences between control and test groups were determined using Pearson's Chi-square test for categorical variables and Mann-Whitney U test for continuous variables. The total bacterial count or number of OTUs in the saliva samples between the control and test groups was compared using the Mann-Whitney U test. The within-group comparison of the relative abundance of genera in the salivary microbiota between the baseline and follow-up samples was performed using the Wilcoxon signed-rank test. All statistical analyses were performed using R (version 3.1.1), with a significance level of 5%.
Results
Six study participants failed to take the follow-up survey and were thus excluded from the study. The remaining 70 participants (test group: n = 34; control group: n = 36) were included in the analysis. The percentage of dropouts was 12.8% (5/39) for the test group and 2.7% (1/37) for the control group. The reported reason for the dropout of six subjects was that they went separate ways from the group in the middle of the field training. During field training, none of participants brushed their teeth. The mean dose of xylitol was 6.78 g/day throughout the intervention period. Table 1 shows the baseline characteristics of the participants. Age, number of teeth present, DMFT, number of teeth with ≥4 mm PD, BOP, dental plaque score, smoking history, alcohol consumption, and tooth brushing frequency did not show a statistically significant difference among the baseline samples obtained from the two groups. Table 2 shows the total bacterial count or number of OTUs in baseline and follow-up saliva samples for each group. No differences in the total bacterial count or number of OTUs between the two groups were found in the baseline samples. However, the test group follow-up samples showed significantly lower total salivary bacteria counts than the control group follow-up samples (P = 0.004). No difference in the number of OTUs in the saliva samples was found between the groups. A principal coor- dinate analysis plot, based on weighted UniFrac, found no difference in the overall composition of the salivary microbiota between the baseline and follow-up samples in both control and test groups (Fig. 2) . Furthermore, the salivary microbial composition in the baseline samples did not differ between the two groups. Figure 3 shows the mean relative abundances of the dominant bacterial genera in each of the two groups. In the baseline samples of both the groups, Streptococcus was the most predominant genus. The genera Prevotella, Neisseria, Porphyromonas, and Rothia were also present in high proportions. Significant differences were found between the baseline and follow-up samples in mean relative abundance of some genera, including Prevotella and Neisseria. However, an abundance shift specific to the test group was not observed.
Discussion
This interventional study demonstrated that short-term use of xylitol-containing chewing gum inhibits the Only genera with a mean relative abundance of at least 1% in each group are shown. **P < 0.01; *P < 0.05. increase in total salivary bacteria quantity over a short time of interrupted oral hygiene without affecting salivary microbial composition. Here, we used a randomized controlled trial wherein daily tooth brushing was not performed. To our knowledge, this is the first study to examine the impact of xylitol-containing chewing gum on the bacterial composition of saliva in adults.
The present findings agree with those of Soderling et al. (15) despite differences in methods of detecting bacterial composition and the age group of study participants. Soderling et al. (15) assessed salivary microbial composition in children using a human oral microbe identification microarray and found that apart from a decrease in S. mutans count, xylitol-containing chewing gum consumption has no impact on salivary microbial composition. We assessed salivary microbial composition in adults using a barcoded, 16S rRNA pyrosequencing approach, which provides a comprehensive survey of bacterial community composition, including untargeted species. Our results indicate that xylitol gum consumption inhibits the increase in the quantity of total salivary bacteria in the absence of regular oral hygiene, while leaving salivary microbial composition unchanged. The 14 dominant bacterial genera found, including Streptococcus, did not exhibit changes specific to the test group. Furthermore, our results showed that xylitol gum consumption had no significant effect on the number of OTUs in the saliva using a 16S rRNA deep sequencing approach.
Regarding the relative abundance of the dominant bacterial genera in saliva, the results of this study show that change in mean relative abundance in the control group is similar to that of the test group; however, there were significant changes in the mean relative abundances of some genera. Therefore, it is reasonable to assume that shifts in the relative abundance of bacteria in saliva following emergency-preparedness training would be similar to those following natural disasters, wherein daily tooth brushing can be interrupted. Furthermore, the results of this study show that the predominant genus was Streptococcus in both control and test groups and baseline and follow-up samples. These results agree with previous studies, which have found that Streptococcus is a major component of the oral flora (25) .
The present study shows that xylitol-containing chewing gum suppressed the increase in the number of total salivary bacteria in the study participants compared with those who did not chew gum. These results are supported by previous studies, which reported similar findings (6, (26) (27) (28) (29) . Furthermore, in a previous interventional study, which also used an exploratory randomized, controlled trial design, we found significant suppressive effects of the same xylitol-containing gum as used in this study (5) .
Xylitol-containing chewing gum has been shown to reduce the formation of oral biofilms on tooth surfaces (27, 28) . Furthermore, the number of total salivary bacteria is known to be positively correlated with the amount of tooth surface plaque (26, 29) . Moreover, a previously described mechanism linking xylitol to the prevention of cavities caused by oral bacteria is supported by the results of this study (i.e., a decrease in biofilm formation results from inhibition of the increase in oral bacteria count). Therefore, our results examining total salivary bacteria quantity partially reflect the oral hygiene status of the participants and suggest that the use of xylitol-containing chewing gum may be a useful oral cleaning tool for preventing tooth decay and maintaining good oral hygiene.
Results from this study also suggest that the use of xylitol gum may be helpful in maintaining oral health during disasters, wherein regular oral hygiene practices may be interrupted. It has been reported that people in areas affected by earthquakes and tsunamis find it difficult to maintain daily oral hygiene due to a lack of water and materials necessary for oral hygiene, including toothbrushes and toothpaste (30) . Since xylitol-containing chewing gum inhibits the increase in salivary bacteria without change in oral microbial composition, even in the absence of water and oral hygiene products, its use may help maintain oral health under conditions that interfere with regular oral hygiene care.
There are potential limitations to this study. First is the short 2-day intervention period. Unfortunately, it was unable to extend the intervention period because the trial period was dictated by the field training schedule. Therefore, a trial examining the chewing of gum for prolonged periods is necessary to determine the long-term effects of xylitol-containing chewing gum on the salivary microbiota.
In conclusion, the present study indicates that shortterm consumption of commercial xylitol gum has an inhibitory effect on salivary bacterial growth without affecting salivary microbial composition in adults. These findings suggest that chewing xylitol gum may be helpful for preventing oral diseases, including dental caries, and in maintaining oral health under conditions that make regular daily oral hygiene difficult.
